INTRODUCTION
A lysin has been detected in the supernatant layer of ultracentrifuged phage lysates of S. aureus K1 and 145 (Ralston, Baer, Lieberman, and Kmeger, 1955) .
The name virolysin has been proposed to designate those lysins which appear as a result of virus infection and are not detectable in uninfected host cells.
A number of authors have proposed that the autolytic systems of the host are involved in the tyses that result from various phage-host interactions (Bronfenbrermer and Muckenfuss, 1927; Wollman and Wollman, 1933; Huppert and Panijel, 1954; Puck, 1953) . This paper is concerned chiefly with the relationship between the virolysin of phage lysates and the autolysin of normal host cells. The problems of the intracellular appearance of virolysin, its function in lysis-from-without and in the lysis of infected cells at the end of the latent period are described elsewhere (Ralston et al., data to be published, 1957 a, b) .
Materials and Methods
Host-Virus Systems.--These experiments have been performed with phages P14 and Px and hosts S. aureus Kx and 145. The systems and the method of phage assay have been described (Jones and Krueger, 1951; Krueger, 1952, 1954) .
Med/a.--(1) Tryptose phosphate broth, Difco, 30 gin. per liter, (2) double strength tryptose phosphate broth, 60 gin. per liter, (3) tryptose phosphate agar, 30 gin. tryptose phosphate and 25 gin. agar per liter, (4) mineral salts broth, ~/5000 Mn ++, Mg "~-, and Ca ++, M/15 KI-I~/K~-PO,, 0.14 M NaC1, and 3 gin. tryptose phosphate per liter.
Preparation of Heat-Killed CeUs.--Cells were grown on tryptose phosphate agar at 37°C. Each plate was inoculated with 1 X 10 ° bacteria per ml. from a 16 to 18 hour slant of S. aureus Kt (unless otherwise stated). Logarithmic phase cells were collected after 3 to 4 hours; resting phase cells after 16 to 24 hours. They were both harvested in 0.85 per cent saline, usually washed once, resuspended in saline to ca. 5 X 1@ ° cells per ml., and were killed by heating at 56-100°C. for over 30 minutes. Suspensions were then stored at 4°C.
Lysis Measurements.--Lytic activity was measured by turbidimetric determination of cellular lysis, using a Klett-Summerson photoelectric colorimeter. For example, 5 ml. of a suitable dilution of the lysin were mixed with a small volume of bacterial cells so that the mixture contained a known initial concentration, generally 6 to 10 × 108 bacteria per ml. For each test, all samples received a constant, initial amount of cells (unless otherwise stated). The samples were incubated at 37°C. and readings were made at intervals. The changes in optical density were converted to changes in bacterial count by the use of standard curves prepared from direct microscopic counts of S. aureus KI. The amount of bacterial debris remaining after lysis did not interfere with the estimates of cells lysed.
From the data, the course of lysis could be represented by plotting the logarithm of the unlysed bacteria against time at any given temperature, etc.
Estimates of lysin activity were based upon determinations of the initial velocity constants, K, calculated from the equation in which Bo represents the initial concentration of cells per ml., B, are the cells per milliliter lysed in any given time interval, t. These "constants" are reported only for purposes of comparison within an individual experiment.
Less accurate estimates of lysin activity were made by determining the per cent bacteria lysed in a short time interval, and comparing the per cent lysis instead of the velocity constants, K, for different samples.
Procedure and Results
It has been found that neither virolysin nor autolysin affects freshly harvested, undamaged cells; both lysins, however, cause lysis after cells have been "sensitized" by a variety of damaging treatments: heat (from 45-120°C.), acetone, detergents, ultraviolet irradiation, penicillin. Phage also causes sensitization, and a combination of phage and lysin added to living cells initiates a lysis resembling typical lysis-from-without .
In this paper, the comparative study of the two lysins has been based mainly on their action on cells killed by heat. Identical results were obtained with cells killed at 56 °, 100°C., or autoclaved for 20 minutes at 15 pounds per square inch. This method of sensitization was used to destroy intracellular enzymes. Unless otherwise noted, the experiments were performed with the 14 (Ka) virolysin and the K1 autolysin.
I. Source of Virolysin and Autolysin
A. Preparation of Virolysln.--Virolysin is obtained from lysates of phageinfected cells. Phage lysates are prepared by inoculating double strength tryptose-phosphate broth with an 18 hour agar-grown S. aureus K1 suspension at a concentration of 1 X 108 cells per ml. and phage 14 at 1 X 10 e particles per ml. The cell-phage mixture is shaken at 37°C. until lysis occurs (usually 3 hours). The lysate contains both virolysin and phage (ca. 10 j° particles per ml.).
This method of virolysin preparation involves several rounds of infection, since the cells outnumber the phage particles by 100 to 1. Fig. 1 shows the appearance of lysin and phage, as well as the changes in bacterial numbers during the process. Appreciable quantities of virolysin and phage appear at the time of mass lysis.
Lysates containing virolysin can also be obtained from cell suspensions undergoing a single cycle of infection, by adding 3 to 5 particles per cell to 1 X 10 8 bacteria per ml. under conditions similar to those described above. Lysis occurs at the end of a 40 minute latent period, and the release of virolysin and phage from the cell coincides with lysis. The appearance and increase in virolysin inside the infected cell during the latent period are described elsewhere Ralston et al., 1957 b) .
Virolysin is separated from the heavier phage particles in the lysates by Production of phage and virolysin in double strength tryptose phosphate broth at 37°C., when the initial phage/bacterinm ratio was 1/100. The cell-phage mixture was removed at intervals and chilled in an ice bath. Total and free phage was determined by plaque counts of super-eel filtered and unfiltered samples. Virolysin activity was determined by lysis tests of samples which had been centrifuged to spin out the residual cells. Undiluted samples of the supernatant layer were mixed with 8 X 10 s heat-killed S. aureus K1 cells per ml. and incubated at 37°C. The velocity constant, K per minute, was calculated from the turbidimetric measurements of bacterial lysis. Undiluted samples of the supernatant layer were also mixed with 8 X 10 s living K1 cells per ml. and the velocity constant, K per minute, was calculated for their lysis at 37°C., as represented by the curve marked LFW. The lysis of living cells depends upon the presence of sufficient quantities of free phage to sensitize and of virolysin to lyse the cells. This lysis is considered to be a case of "Ivsisfrom-without" (LFW). spinning the lysate at 30,000 >( g for 45 minutes at 6°C. in a Spinco model L ultracentrifuge. After 2 to 3 cycles of centrifugation, the phage in the supernate is reduced to 106 to 107 particles per ml. The lysin in the supernate can be precipitated by 40 per cent saturation with (NH;)~SO4 at 4°C. The precipitate is then resuspended in mineral salts broth.
Virolysin can also be prepared by infecting the KI strain with phage 1 or the 145 strain of S. aureus with phage 1 or 14.
B. Preparation of Autolysin.--Autolysin is prepared from autolysates of uninfected cells of the K1 strain grown in tryptose phosphate broth. Cells, grown on tryptose phosphate agar for 18 hours at 37°C., are inoculated into broth to a concentration of 1 X 108 bacteria per ml. and shaken at 37°C. for 6 hours. There is an increase in cell numbers, beginning at the 1st hour, from 1.0 X 108 ceils per ml. to 2.5 X 109 cells per ml. at the 4th hour. The cell numbers then remain unchanged. At the 6th hour, the culture is removed from the shaker and stored at 4°C. for 1 to 5 days. During the storage period, autolysis occurs and, with it, the release of active autolysin. Autolysis occurs much more rapidly with 3 hour cells stored at 4°C. or with 6 hour cells, layered with toluene and allowed to remain at 37°C.; however, under these conditions, either no autolysin is released, or, if present, it is very unstable. Agar-grown cultures autolyze very poorly and release little autolysin.
The autolysates are very viscous. Centrifugation of the autolysin at 30,000 N g for 45 minutes at 6°C. in the model L Spinco ultracentrifuge separates the lysin in the supernatant layer from the viscous material in the pellet. The lysin in the supernate can be precipitated with (NH,)2SO4 at 40 per cent saturation at 4°C., and the precipitate resuspended in mineral salts broth.
C. "Crude" and "Semipurified" Lysins.--The ultracentrifuged supernates of the phage lysate or autolysate are referred to as "crude" lysins. The resuspended material from (NHa)2SO4 precipitates is called "semipurified" lysin. Unless the term semipurified lysin is used, the experimental findings presented apply to the crude lysin.
Both lysins are adsorbed by a number of materials, including super-eel, alumina, charcoal; both are destroyed by the proteolytic enzymes, trypsin, chymotrypsin, and papain, but are not affected by ribonuclease or desoxyfibonuclease.
H. Quantitative Aspects of the Lysis of Heat-Killed Cells by
A utolysin and Virolysin A. Effect of Cell (Substrate) Concentration.--Constant amounts of each crude lysin were mixed with varying amounts of cells. With both lysins, the curves representing the logarithms of the surviving bacteria per milliliter plotted against time, for each substrate concentration, showed an initial rapid decrease, followed by a slower lysis and an eventual end-point in the presence of considerable numbers (ca. 50 per cent) of unlysed cells. Microscopic study has shown the residual cells to be Gram-negative. They are resistant to fresh additions of either lysln and also to lysozyme, but are susceptible to trypsin.
When the data are corrected for these resistant cells, the course of lysis is found to proceed logarithmically. With both lysins, the velocity constants, K, calculated from these curves, are decreased by raising the initial substrate concentration (Fig. 2) . Table I . Fig. 5 shows the logarithms of the velocity constants, K, plotted against the reciprocals of the absolute temperature for each case. Under optimal conditions of pH, the points for the three temperatures are not far from a straight line, suggesting that a single fundamental reaction determines the rate of lysis by virolysin and that a similar--but not necessarily identical reaction--controls the rate of lysis by autolysin over the range tested. The values of #, the critical thermal increment, calculated from the van't Hoff-Arrhenius equation,
K2 = K l e u/t (Tt --TI)
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range from 11,800 to 20,000. 
I l l . Properties of the Lysins
A. pH Optima.--Differences in the pH optima of both crude and semipurified lysins were shown by the following experiment: Lysis by autolysin and virolysin was determined over a wide pH range, both when the two agents were mixed together and when tested individually. Autolysin showed its maximum activity between pH 6.0 and 6.5 and virolysin between pH 7.0 and 7.5. The velocity constants for the lysis brought about by the mixture of the two lysins at each pH value (over the range pH 5.5 to 7.5) were found to equal the sum of the K values for each tested individually (Table II) , indicating that the effects of mixing the two were additive, and that neither preparation contained any materials which might have affected the pH optimum of the other. Therefore, the two pH optima result from intrinsic differences between the two lysins.
B. Antigenic Relationships.--(1) Antiserum to autolysin inhibits lysis of killed K1 cells by autolysin, but does not affect the action of virolysin. The antiserum was prepared by injection of rabbits with semipurified K1 autolysin. The antiserum inhibited autolysin at a dilution of 1/50, but did not inhibit virolysin, Active autolysin and virolysin mixed in equal parts at room temperature. Aliquots adjusted to various pH values with 1 N HC1 or NaOH. Autolysin diluted 1:2 in boiled virolysin and virolysin diluted 1:2 in boiled autolysin for tests of individual lysin activity. Cell controis contained both inactive lysins (boiled) at the desired pH. Readings made at intervals by Klett turbidimetric method. Data were corrected for the per cent resistant cells.
* At pH 8.5, M varies somewhat above and below A -[-B from experiment to experiment.
even at 1/10. When autolysin and virolysin were mixed and treated with antiserum, the residual activity of the mixture equalled the activity of the virolysin alone, indicating that the virolysin preparation contained neither antiserum-sensitive nor antiserum-inactivating materials (Table III) . Table III shows that the antiserum also inhibits lysis-from-without by the combined action of autolysin and phage, but fails to inhibit lysis-from-without by virolysin and phage, indicating again that the antiserum is specific for autolysin.
The antiserum to K1 autolysin has been fourtd to inhibit the autolysin from S. aureus 145, but it has no effect on the virolysin 14(145) from this strain (table III) .
(2) Antiserum to Phage Pl,--prepared by injection of rabbits with ultracentrifuged pellets containing phage, causes strong inactivation of P14 phage but fails to inhibit either autolysin or virolysin at 1/200, a concentration which inactivated 10 s phage particles per ml. in 20 minutes at 20°C.
These tests show that the two lysins are antigenically different from each other and that both are different from the phage P1 (antigenicaUy identical with PI4).
C. Effect of Chemical Inhibitors.--Both lysins are inhibited by the chemicals listed in Table IV . When cysteine is added to virolysin or autolysin which has been inhibited by compounds of heavy metals, activity is restored, suggesting that functional SH groups may be involved (Sumner and Somers, 1947) . 
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For neutralization, lysins incubated with 1/25 antiserum or normal serum, for 2 hours at 20°C. Residual lysin tested by adding 6 X I08 cells per ml., incubating 30 minutes at 37°C., and calculating per cent lysis by turbidimetric readings.
Reinvestigation of our earlier results with iodoacetate disclosed that whereas concentrations in the order of ~/I000 were not inhibitory, greater amounts, in the order of ~r/100 were effective.
Quantitative differences were observed in concentrations of certain inhibitors required. The activity of crude virolysin was depressed by ~/S000 PbCI~; that of crude autolysin was hardly affected. With Na citrate, x¢/100 caused inhibition of crude autolysin but not of virolysin. These differences may have been due to impurities in the crude lysin preparations and to the influence of pH on the inhibition, since each test was carried out at the pH optimum of the lysin. Na desoxycholate had no inhibitory action on the crude lysinsr but it depressed the activity of their semipurified preparations.
D. Effect of Versene on Virolysin and
Autolysin.--The addition of 0.02 per cent versene (disodium salt of ethylenediaminetetraacetic acid) to either lysin causes strong inhibition of lysis of heat-killed K1 cells. Various metallic cations are able to reverse this inhibition: x~/1000 Ca ++, Mn ++, Co ++, and Zn++. Mg ++ is effective only for virolysin at M/1000, and concentrations 20-fold greater failed to reverse inhibition of autolysin (Table V) . The following agents failed to inhibit autolysin and virolysin: x~/1000 semicarbazide, Na-azide, Na-arsenite, sulfanilie acid, aseorbie acid, Na-fluoride, thiourea, K-oxalate, Na-sulfite, Natetraborate; 0.0025 per cent proflavin; 0.1 per cent pectin, 0.001 per cent acriflavin; 0.1 per cent saponin; 20 per cent toluene, and chloroform.
E. Thermolability.--Crude virolysin and crude autolysin are completely inactivated by boiling for 5 minutes. Crude virolysin is unstable even at 37°C., whereas crude autolysin is not (Table VIA) , possibly because of certain protective substances in crude autolysin preparations. These substances reduce the heat inactivation of crude virolysin at 37°C., when the two crude lysins are mixed together. These materials in the crude autolysin are at least partially removed by precipitation of the lysin with (NH4),SO4. Aliquots of lysin, diluted in double strength tryptose phosphate broth, exposed to versene, inorganic salt, or equivalent volumes of distilled water. Cells added to 8 X 10 s bacteriaper ml.
Both semipurified lysins are thermolabile. The inactivation of semipurified virolysin at 37°C. and of semipurified autolysin at 37 ° and 45°C. is given in Tables VIB and VIII. While the semipurified autolysin may be more heatresistant than the semipurified virolysin, this may be the result of incomplete removal of the non-specific protective substances in the crude autolysin. virolysin but very susceptible to autolysin; the degree of susceptibility apparently depends on cell age and method of subsequent treatment (Table VII) . In A, crude autolysin was diluted in boiled virolysin, virolysin diluted in boiled autolysin for tests of individual lysin heat lability. The active lysins were diluted in each other for tests of heat lability for mixture. Samples adjusted to desired pH with 1 N NaOH or HC1, heated for 2 hours, and residual lysin was determined by turbidimetric measurement of lysis of 8 X 108 bacteria per ml. of heated K~ cells at 37°C. K per minute calculated from data corrected for 50 per cent lysis-resistant cells.
In B, same procedure used for semipurified lysins (the semipurified lysins were not prepared from crude lysins used in A). Mixture of the 2 semipurified lysins showed less heat protection of virolysin by autolysin. respectively just prior to test. Autolysin preparation: semipurified lysin at pH 6.5 and adjusted aliquots with 1 N Na0H and HCl. Heated at 45°C. and tested at same pH.
at 45°C. destroys the lyric activity in autolysin preparations at comparable rates for both hosts (Tables IV and VIII) . A second possible reason for the observed difference in activity could have been that virolysin preparations contained an inhibitor which prevented its action on M. lysodeikticus. This was not so, as indicated by testing mixtures of the two lysins over a pH range (Table VII) . With lysodeikticus cells resistant to virolysin, the lysis in the mixture of the two lysins equalled that caused by autolysin alone. The results are best explained by assuming that the two lysins show different substrate specificities. Certain pseudomonads underwent slight but reproducible lysis with both lysins: Pseudomonas fluorescens, Ps. aeruginosa, Ps. species. It is uncertain whether this effect is caused by autolysin and virolysin, since no tests were made to rule out the possibility that a contaminating lysin could be responsible.
Heterologous Genera.--Simultaneous
